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Summar
We have tested growth factor responsiveness of a panel of eight human colorectal carcinoma cell lines. Insulin-like growth factors I and II (IGF-I and IGF-II) stimulated growth of five lines (HT-29. LS41 IN. LS513. SW480. WiDr). At 30 ng ml-'both factors enhanced growth up to 3-fold. Thev induced half-maximal stimulation at 1.9 -6.51 ng ml-'. Even after delayed addition IGF-I and II sigmnficantly enhanced growth in a short-term proliferation assay. They exerted maximal effects under limiting serum conditions (0.50o FCS) and at low cell density (1.25 -5 x I10 ml '. Using these conditions transforming growbth factor m (TGFcx) enhanced proliferation of all IGF-responsive cell lines, except SW480. 1.11 -3.31 ng ml-' were required to obtain a half-maximal response. With 10 -20 ng ml ' Colorectal carcinoma is one of the most frequently occumrng human malignant neoplasms. However, the growth regulation of these tumours remains only partially understood. The establishment of continuous cell lines derived from pnmary tumours made it possible to study putative mechanisms in further detail. Yet, no common picture has so far emerged, while a number of hormones have been reported to influence growth of colorectal carcinomas (Hoosein et al.. 1990) . and so have vanrous growth factors (Hoosein et al.. 1987; Rodeck et al.. 1987 ) and cytokines (Berdel et al.. 1989 : Tsai & Gaffney. 1987) . Depending on the differentiation status, one molecule may exert different effects (Mulder et al.. 1990) and even the same cell line may respond in different ways to a single growth factor (Pignatelli & Bodmer. 1989 : Mulder et al.. 1988 . Apart from soluble mediators the growth of colorectal carcinomas is impaired by tumour suppressor genes (Tanaka et al.. 1991 : Baker et al.. 1990 ) and dysregulated oncogenes (Forgue-Lafitte et al.. 1989 ).
We have focused our work on the role of insulin-like growth factors I and II (IGF-I and IGF-II) (Coffev et al.. 1987 : Tricoli et al.. 1986 ) and the presence of molecules. similar or identical to IGF-I. epidermal growth factor (EGF) and TGFx has been demonstrated in the supernatant of several cell lines (Anzano et al.. 1989; Culouscou et al.. 1987 ). In addition. colon carcinomas express receptors for IGF-I (Durrant et al.. 1991) and for TGFcx EGF (Coffey et al.. 1987) .
In the present study we show that IGF-I. Kinetic experiments for the action of TGFx in the co-stimulator) assaj( Cells were cultured in the presence of suboptimal concentrations of IGF-I throughout the experiment. The following concentrations of IGF-I were used: 10 ng ml-' (LS513), 5 ng ml-' (LS41 1N) and 2.5 ng ml-' Wi Dr). TGFcx (3 ng ml-') was added on day 0 and then every other day. The response obtained by adding TGFa on following days was calculated as above for the kinetic experiment for IGF-I/II. All samples were measured in triplicate.
Mycoplasma testing
After periodical testing using standard culture procedures (Myco Tect, GIBCO), all cell lines were consistently found to be free of Mycoplasma contamination. Figure 1 . The optimal response with all responsive cell lines was achieved with an IGF concentration of approximately 30 ng ml-'. Maximal stimulation varied from 1.5-fold (LS513. SW480) to about 3-fold (LS41 IN). both factors being equally effective (Table I) . Between 1.9 and 5.11 ngml-' of IGF-I and 3.07 -6.51 ngml-1 of IGF-II were required to obtain a half-maximal response. In this respect. IGF-I was slightly more active than IGF-II on each of the cell lines tested (Table I NR Growth stimulation was determined using the proliferation assay. All results represent the mean of three independent experiments. a: Maximal stimulation-index. The value was calculated by dividing the OD at 570 nm in the presence of growth factors by the OD at 570 nm in the presence of culture medium. b: Concentration of growth factor required to obtain a half-maximal response. NR: not responsive. Concentration of FCS (%) (0) were cultured in the presence of hu TGFx. Proliferation was determined using the MTT assay. A proliferation of 1000o is defined as the OD at 570 rm obtained upon culture in EF medium with 0.5% FCS. P<0.005 from untreated control cells for TGFm > 0.6 ng ml ' for all responsive cell lines.
was a better mitogen for LS513 than IGF-I or II (Table I) . The sensitivity to TGFx of all four lines was slightly higher than that to IGF-I or II. To obtain a half-maximal response 1.11-3.31 ng ml-l of TGFa were required and maximal stimulation was obtained with 10-20 ng ml-' already (Table I) . TGFa had no effect on growth of Co-i 15. Lisp-I and LS1034 (data not shown).
TGFa further enhances the proliferation effects of IGF-I Since responses of IGF-I, II and TGFaE are mediated by binding to different receptors (Czech, 1989; Wong et al.. 1989) we speculated that co-stimulation might even be more effective than the action of the individual factors. We thus performed mixing experiments with TGFa and IGF-I. A suboptimal concentration of TGFa (3 ng ml-') was added to serial dilutions of IGF-I. The proliferation of all four doubleresponsive cell lines was further enhanced when they were co-stimulated by both factors. On LS513 cells, the response to the combination of factors was synergistic at every concentration of IGF-I tested (Figure 5a ). On HT-29 cells, the effect was additive. However, rising amounts of IGF-I diminished the growth increase induced by TGFa ( Figure Sb) (Table III) . However, even an exposure to TGFa during the last 24 h was sufficient to enhance proliferation above the value recorded (Table III) . It is possible that other, yet unidentified factors. may also play a role in this response.
D6csson
Our data illustrate the role of IGF-I. IGF-11 and TGFcx in regulating the proliferation of human colorectal carcinomas. Five out of eight cell lines could be stimulated by IGF-I and IGF-II and four also responded to TGFcx. In addition. growth of all double-responsive lines could be further enhanced by co-stimulation with IGF-I and TGFa. The IGFs proved to be the best mitogen on all responsive cell lines. except LS513. Even low doses of growth factors stimulated growth significantly. The responsiveness was similar to that observed for a non-tumourigenic colonic adenoma (Markowitz et al., 1990 ) and comparable to results obtained with tumour cells of other origin, such as pancreatic cancer (Ohmura et al., 1990) or neuroblastoma (El-Badry et al..
1989) cell lines.
The number of cell lines tested, however, is too small to allow any statements to be made about a possible correlation of growth rate and responsiveness to growth factors. All cell lines with a doubling time of 24 h or less (SW480, HT-29. (Wakeling et al.. 1989) . In contrast. the pathways might cooperate intracellularly. thereby potentiating the response.
Another explanation for the different results observed after co-stimulation would be production of endogenous growth factors by the tumour cells. namely autocrine growth stimulation. as originally proposed by Sporn and Todaro (1980) . Molecules with potential autocnrne activity. similar or identical to IGF-I. EGF and TGFa. have been detected in the supernatant of colon carcinomas (Anzano et al.. 1989 : Culouscou et al.. 1987 . Assuming that the tumour cells indeed secreted such molecules. the stimuli induced by endogenous and exogenous factors would have been transmitted via the same types of receptors. Thus. the final outcome could only be additive. In contrast, the hormone gastnrn was autostimulatory for colon carcinomas but failed to stimulate proliferation when added exogenously (Hoosein et al.. 1990 ). However. gastrin synergised in combination with IGF-I and TGFa (Durrant et al.. 1991) .
Indications for the involvement of autocrine growth factors may be derived from our data.
First. when limiting conditions were used, the addition of IGF-I and IGF-I1 could be delayed up to 48 h. without reducing growth of LS41 IN cells using the proliferation assay. When stimulated with IGF-I as a first signal, a short (24h) exposure of LS41IN and HT-29 lines to TGFa was sufficient to obtain an additive response in the co-stimulation assay. Limiting culture conditions are commonly used to detect growth factor activities in cell supernatants. Within 2 days. enough material is produced to induce a biological response (Lahm et al., 1990; Anzano et al.. 1989) . It is thus tempting to speculate that endogenous growth factor production may contribute to the final response either by partially replacing the external stimulus or by cooperating with the exogenous factor.
Second. IGF-I and IGF-II preferentially stimulated proliferation at low cell density. but were ineffective at high cell concentrations. This is typical of cell lines secreting autocrine growth factors and our results agree with those of others (MarkoWitz et al.. 1990; Scala et al.. 1987 (Coffey et al.. 1987) . In addition. although they are unresponsive to IGF-I, IGF-II and TGFa. these lines might be stimulated by other cytokines which promote growth of colon carcinomas. such as interleukin-3 or hemopoietic colony-stimulating factors (Berdel et al.. 1989) . Finally, DNA alterations are widespread in colorectal carcinomas ). Mutations can result in loss of expression of tumour suppressor genes or in dysregulation of oncogenes. and p53 (Tanaka et al.. 1991 : Baker et al.. 1990 ) and c-mvc (Forgue-Lafitte et al.. 1989) have been shown to regulate growth of colorectal carcinomas. Furthermore. an individual cell is frequently mutated at multiple sites. Growth control in such tumours would indeed be regulated by mechanisms totally independent of, and possibly refractory to. the influence of any growth factor.
